Tuberous sclerosis complex (TSC) is a genetic disorder affecting multiple organ systems observed in approximately 1 in 10,000 live births. 1, 2 Patients with TSC have a higher risk of developing benign tumors in the brain, kidneys, heart, liver, lungs, and skin, and a variety of neuropsychiatric disorders. 3 However, due to the rarity of TSC, its comorbidity landscape has not been fully investigated. To characterize the comorbidities of TSC systematically, we employed a nationwide health insurance claims dataset to analyze the comorbidity landscape of TSC and determined the phenotypical differences between patients with TSC and participants without TSC matched on age and sex.
Methods
Using unidentifiable member claims data from Aetna, which covers 45 million patients in the United States, we identified patients with TSC by the ICD-9 code 759.5 during the time frame from January 1, 2008, to February 29, 2016. To identify the comorbidity difference between participants with and without TSC with greater statistical power, for each patient with TSC, we selected 500 unique participants without TSC with the same age (in years) and sex. We mapped all ICD-9 codes associated with the participants in the insurance claims dataset to 1,865 phenome-wide association studies (PheWAS) codes, 4 and employed the standard Fisher exact test for each PheWAS code to identify the phenotype differences between participants with and without TSC. 4 We further examined the affected proportion of each PheWAS code in participants with and without TSC and used the insurance enrollment status to account for the number of at-risk patients in each age group. Since TSC is often diagnosed and treated by pediatric neurologists, we employed the Wilcoxon signed rank test to identify the difference in the affected proportion of each comorbidity between TSC and non-TSC groups between the ages of 0 and 20, and used the odds ratio (OR) to determine the effect size for patients aged 0-20. We controlled the false discovery rate at 0.05 using the Benjamini-Hochberg procedure. All analyses were performed using R version 3.3 with packages icd and NMF. This study was approved by the Harvard Medical School institutional review board. Consent to use the data was included in the approval.
Results
We identified 3,131 patients with TSC in the dataset. The mean age of patients with TSC in this cohort is 34.56 years, and the SD is 23.10 years. A total of 47.24% of the patients are male. The mean length of time a patient with TSC is covered is 4.43 ± 2.56 years, while that for participants without TSC is 3.99 ± 2.60 years. A global comorbidity landscape is shown in the figure. Consistent with the literature, patients with TSC under 20 years old (n = 1,296) were more likely to develop benign neoplasm of the kidney (OR 2,265.3, 95% confidence interval [CI] 1,593.9, 3,219.6) (absolute odds in TSC; non-TSC 0.140; 6.17*10 4.65*10 −3 ; 0.0113) and perinatal jaundice (OR 0.720, 95% CI 0.540, 0.961) (absolute odds in TSC; non-TSC 0.0385; 0.0534) (figure). All of the reported differences are statistically significant after correcting for multiple testing.
Discussion
TSC is a relatively rare disease and it is difficult for pediatric neurologists to assemble data from thousands of patients, even in tertiary medical centers. 5 However, with a nationwide health insurance database, we identified more than 3,000 patients with TSC, and successfully quantified their phenotypical differences comparing to an age-and sex-matched non-TSC group in a systematic fashion. Patients with TSC are more likely to develop ulcerative colitis and psychiatric conditions; this should guide practitioners to look out for psychiatric and medical conditions in their patients. Additional studies using complementary datasets can confirm the identified comorbidities. Our approach could facilitate the generation of hypotheses for rare diseases, 6 and we can follow-up with the evolving phenotype of the patients during the whole period of health insurance coverage. 
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